2-Deoxy-~-glucose added to cultures of Candida albicans in the stationary phase of growth inhibited the incorporation of glucose into the (1-+3)-P-glucan fraction of the organisms. In the presence of ATP and cell extracts it was converted to 2-deoxy-~-glucose phosphate and when UTP was also present, material with the electrophoretic properties of UDP-2-deoxy-~-glucose was formed. In similar conditions glucose formed glucose phosphates, U DP-glucose and other products. Evidence was obtained that the analogue, after conversion to a phosphate derivative, was an inhibitor of phosphoglucomutase.
concerned with this fraction. In general, changes relating to the glycogen fraction were qualitatively similar to those affecting the b-glucan fraction. Johnson (1968) showed that the presence of 2DG during growth led to changes in the cellwalls of yeasts and suggested that the analogue interferes with the breakdown and repair of polymers that are necessary for the expansion of the cell-wall during growth. Villanueva et al. (1 976) suggested that glucanase action is an essential part of the growth of the cell-wall and that glucan undergoes a cycle of breakdown and synthesis in which the insertion of glucose residues is dependent on the availability of acceptor sites or the provision of breaks in the polymer chain.
Biely et al. (1972, 1974) have shown that 2DG in the growth medium is incorporated by Saccharumyces cerevisiae during growth almost exclusively into the mannan fraction of the cell-wall ; 90% of the analogue being incorporated into side-chains. In the mannan-protein fraction the molecular ratio of 2DG to mannose was 1 : 24. Schwarz & Datema (1982) have collected data on the conversion of 2DG to UDP-and GDP-derivatives and their effects on the dolichol cycle of protein glycosylation in a variety of eukaryotic cells.
M E T H O D S
General. The organism (Candida albicans 6406) was grown in a medium containing Bacto yeast nitrogen base, 6.7 g l-l, and an initial concentration of 1 % (w/v) glucose. Growth was carried out at 37 "C in a rotary incubator.
Glucose was exhausted after 12-14 h when the culture went into stationary phase at a density of 1.8-2.0 mg dry wt organisms ml-I. Details of growth, measurement of culture density, determination of the incorporation of radioactivity from labelled substrates into cultures or suspensions of organisms, assay of P-glucanase activities, sources of reagents, enzymes and labelled substrates were as described by Notario et al. (1982) .
GIucan fracfions oforganisms. Reactions (2.0 ml volume) were stopped by the addition to incubation mixtures of an equal volume of 10% (w/v) TCA and the suspension then held at 4 "C for 1 h. The suspension was then centrifuged at 1OOOg for 5 min and the supernatant discarded. The pellet was washed twice in 5 ml SY buffer (containing 2 g KHzPO,, 1 g (NHJ)HzPO, and 10 g (NH4)?HP0, 1-', adjusted to a final pH of 6.5) and resuspended in 1 .O ml SY containing 1 .O mg a-amylase; after 2 h at 37 "C the suspension was centrifuged and the supernatant (glycogen fraction) sampled for radioactive assay. The pellet was washed once in 5 ml SY and resuspended in 5.0 ml SY containing 2 mg Cytophaga L1 preparation ml-I ; after overnight incubation at 37 "C the suspension was centrifuged at 1000 g for 5 min and the supernatant [( 1+3)$-glucan fraction] sampled for radioactive assay.
Cell-free extract. Approximately 500 mg dry wt organisms were harvested and washed twice in 30-40 ml0-2 MTris/HCl buffer pH 7.5. The pellet was resuspended in 2.0 ml 0.1 M-Tris/HCl buffer containing 1 mM-EDTA. I mM-mercaptoethanol and 0.25 M-NaF. After cooling to 0 "C in an ice-bath, the suspension was divided into two equal portions and approximately 1 ml ballotini (size 0-45 mm) added to each portion. Each suspension was then broken on a Whirlimix (Scientific Industries, U K ) for 1 min followed by 1 min in the ice-bath. The Whirlimixcooling treatment was then repeated five times. The broken suspension was sucked out of the beads with a small pipette and the beads washed five times with 1 ml of the suspension medium; the washings were combined with the broken cell material, mixed and the mixture centrifuged at lOOOg for 10 min to remove unbroken cells, cellwalls and other major debris. The supernatant fluid was removed and centrifuged at 30000g for 30 min in a refrigerated centrifuge to remove membrane fragments and the supernatant fluid used as Candida extract. The extract was stored at -70 "C.
Variations on the above method were used for the preparation of (a) (1-+3)-/?-glucan synthase as described by Orlean (1982) and Orlean & Ward (1983) , and (b) glycogen synthase as described by Orlean & Kerridge (1 98 I), in which the organisms were washed and resuspended in 50 mM-glycylglycine buffer pH 7.5, broken as above, and the final pellet (after 30000 g centrifugation) homogenized in 0.5 ml 50 mM-giycylglycine buffer pH 7.5. Protein content of extracts was assessed by UV absorption at 280 nm. Preparations remained active for several weeks when stored at -70 "C.
Culture procedure. In general, C . albicans was grown at 37 "C in conical flasks (25 ml medium in 250 mi flask; 250 ml in 5 1 flask) in an orbital incubator. After 24 h 2DG was added as required and the cultures harvested after a further 24 h at 37 "C in the orbital incubator.
Reaction media. Experiments with cell-free extracts were carried out, unless otherwise described, in a medium containing 20 mM-Tris/HCl buffer pH 7-5, 10 mM-mercaptoethanol, 5 mM-MgC12, 40 mM-KF, 34 mM-ATP, 50 mM-UTP. Reaction mixtures contained, unless otherwise stated: 20 pl medium as above, 30 p1 Candida extract and 10 pl Tris/HCl buffer pH 7.5 containing substrate with or without inhibitor.
Electrophoresis. The separation of the products of glucose or 2DG metabolism was effected by one-dimensional electrophoresis on Whatman no. 1 paper in buffer consisting of pyridine, acetic acid, water (1 : 10: 189) pH 3.5 and run for 25 min at 5 kV. The paper was dried, cut into strips 1 em wide and radioactivity estimated. Picric acid was used as marker, running between glucose monophosphate and UDP-glucose. Fig. 1 . Effect of 2DG on the incorporation of glucose into the (1+3)-/I-glucan fraction of stationary phase cultures of C. albicans. Cells were grown for 24 h at 37 "C; 2DG to the concentrations shown was then added to separate cultures and incubation continued for a further 24 h at 37 "C. Samples were then taken for estimation of the rate of glucose incorporation. Curve A, culture grown in the absence of 2DG: pH adjusted to 4.5, 0.2 pCi [U-'"C]glucose ml-I added (specific activity 310 mCi mmol-l, final concentration 0.6 phi), incubated for 10 min at 37 "C and the reaction stopped by the addition of an equal volume of 10% (w/v) TCA. 2DG was added to concentrations shown in parallel samples. (1+3)-/Iglucan fraction was extracted and radioactivity assayed as described in Methods. Incorporation Chromatography. Glucose 1-phosphate and glucose 6-phosphate were separated on Whatman no. 3 paper dipped in 0.25 M-borate buffer pH 8.0 and dried in air before use; the solvent was 0.25 hi-borate buffer pH 8.0: 95% (by vol.) ethanol (29:71 by vol.) as described by Bieleski & Young (1963) .
Esrimarion of phosphoglucomutase (EC 2.7.5.1). Estimations were carried out with 1 or 2 units of enzyme incubated in 20 p10.1 hi-Tris/HCl buffer pH 7.4 with 5 p1 cr-~-[U-'~c]glucose I-phosphate (1 pCi, 4.5 nmol, sp. act. 227 mCi mmol-I, 8.4 GBq mmol-l) for 5-30 min at 30 "C. The reaction was stopped by plunging the tubes into an ice-bath and the products separated by paper chromatography before radioactive assay.
Chemicals. In addition to those listed by Notario et al. (1982) , 2-deoxy-~-glucose 6-phosphate and phosphoglucomutase were purchased from Sigma.
R E S U L T S
The action of 2DG on the incorporation of glucose into glucanjractions in intact organisms A series of similar cultures of C. albicans were grown for 24 h at 37 "C; 2DG was then added to final concentrations ranging from 0.1 to 10 mM (0 in control) in separate cultures and incubation continued for a further 24 h at 37 "C. Samples were then taken from the cultures, incubated at 37 "C with "T-labelled glucose, the reaction stopped by the addition of TCA after 10-20 min and the incorporation of radioactivity into the glycogen and (1+3)-P-glucan fractions determined. Incorporation in the control culture, grown in the absence of 2DG, was also determined in the presence of 2DG added after harvesting. The radioactivity provides a measure of the incorporation of glucose residues into the polysaccharides . Fig. 1 (curve A) shows that 2DG inhibited the incorporation of glucose into the P-glucan fraction of organisms grown in the absence of the analogue; 50% inhibition was produced by approximately 1 ~M -~D G .
In cultures where 2DG had been present for 24 h before test, the subsequent incorporation was stimulated in comparison with that in the control. The stimulation was greatest when 1 ~M -~D G had been present during growth, higher concentrations being less effective, Two cultures of C. afbicans were grown from a standard inoculum for 24 h at 37 "C; 2DG to a final concentration of 1 mM was added to one culture and both cultures then incubated for a further 24 h at 37 "C. Each culture was then divided into three equal parts (2DG culture IV, V, VI; control culture I, 11, HI), 0.4 pCi [U-'T]glucose (sp. act. 310 mCi mmol-I, final concn 1.2 p~) ml-added and the cultures incubated in a rotary incubator at 37 "C. In one part (11, V) 2.0 ml samples were removed for assay of radioactivity after 10 min, 100 ~1 2 0 7 6 (w/v) unlabelled glucose ml-I added immediately and further samples taken after 20 and 30 min. In a second part, 2.0 ml samples were removed for assay after 20 min, unlabelled glucose added and further samples taken after 30 and 40 rnin (111, VI). In the third part, a sample was taken for assay after 30 min (I, IV). In all cases the radioactivity of the (1+3)-fl-glucan fraction was measured as described in Methods. Fig. 3 . Effect on the incorporation of glucose into the (1+3)-P-glucan fraction of pretreating C. afbicans, grown in the presence of 2DG, with acetate buffer pH 5.5 and Cytophaga L1 preparation as a source of P-glucanase. C. afbicans was grown for 24 h at 37 "C, 2DG added to the final concentrations shown and incubation continued for a further 24 h at 37 "C. Samples were then taken and treated as follows. 0 , Initial : 2.0 ml culture withdrawn and glucose incorporation estimated as in Fig. 1 : 0, pretreatment ( a ) : organisms centrifuged out of culture, washed twice in 0.05 M-acetate buffer pH 5-5 and resuspended in the orginal volume of that buffer, incubated for 15 min at 37 "C and 2.0 ml taken for estimation of glucose incorporation; 0, pretreatment (b): as for pretreatment (a) with the addition of 1 mg Cytophaga L1 ml-' during incubation (extended to 30 rnin), and the organisms washed in 0.05 M-acetate buffer pH 5.5 before estimation of glucose incorporation. while 10 mM was inhibitory. The results obtained for incorporation into the glycogen fractions were qualitatively similar to those obtained for the P-glucan fractions.
E . F . G A L E , F . W A Y M A N A N D P . A . O R L E
The presence of 2DG during incubation in the stationary phase thus has an effect on the incorporation of glucose into polysaccharides different from the inhibition produced by the analogue on incorporation in control cultures grown in the absence of analogue. Organisms grown in the presence of 2DG will differ from those grown in its absence in that 2DG will have been incorporated into the glucan fractions of the former .
Turnouer of glucose residues in the (2+3)-P-glucan fraction
The rate of incorporation of glucose into the glucan fractions of stationary phase organisms is determined by the balance between breakdown of existing glucan chains and the addition of further residues to those and other chains. As cultures pass from growth to stationary phase there is a rapid decrease in the activities of both synthetic and breakdown systems involving P-glucan, the relative decrease in the former is greater than in the latter while the exhaustion of available 2-Deoxy-D-glucose and glucan metabolism 3307 sources of glucose leads to a situation in stationary phase cultures where incorporation is mainly controlled by the availability of glucose-acceptors and the recycling of glucose residues (Villanueva et al., 1976; Gale et al., 1978; Cassone et al., 1979; Notario et al., 1982) . Attempts to show reversal of glucose incorporation in P-glucan fractions in exponential or overnight cultures were negative but a degree of turnover in both glycogen and P-glucan fractions has now been demonstrated in 48 or 72 h cultures. Fig. 2 shows that, in 48 hcultures, a proportion of the incorporated radioactivity can be 'chased' from the P-glucan fraction by addition of excess unlabelled glucose to the incubation medium. When 1 ~M -~D G was present for 24 h before harvesting, the rate of incorporation into the pglucan fraction was increased (see Fig. 1 ); the addition of excess unlabelled glucose to the incubation medium, under the conditions shown in Fig. 2 , was followed by loss of radioactivity from the fraction, the residual activity falling to a value which was approximately the same for control cultures and those grown in 2DG. It would appear that the degree of turnover, or rate of recycling, of glucose in the p-glucan fraction was increased by growth in the presence of 2DG.
Efect of stimulating p-glucanase or pretreating the organism with added P-glucanase Notario et al. (1982) found that treatment of organisms with exogenous (1-+3)-fi-glucanase increased the subsequent incorporation of glucose into the P-glucan fraction. Organisms have been grown in the presence and absence of 2DG, harvested, washed free from growth medium, resuspended in acetate buffer pH 5.5 (the optimum value for P-glucanase activity; Notario, 1982) and incubated either (a) alone or (b) with Cytophaga L1 preparation whichcontains (1-+3)-!-glucanase . In all cases such treatment resulted in a subsequent increase in the rate of glucose incorporation when the treated organisms, after washing, were incubated with l4C-labe1led glucose for 10 min at 37 "C. Preliminary experiments showed that maximal stimulation was obtained by treatment for 15 rnin under condition (a), longer incubation giving no greater effect. In the presence of added glucanase (condition b) maximal stimulation was obtained if the pretreatment was continued for 30 min. Pretreatment of control cultures for 15 min under condition (a) increased the subsequent incorporation into the (1-+3)-P-glucan fraction by two-to threefold while pretreatment under condition (b) for 30 min gave an increase of three-to fourfold. Fig. 3 shows the results obtained for pretreatment of cultures grown in the presence of 2DG; pretreatment again gave rise to increase in incorporation, the size of the increase being greater the higher the concentration of 2DG in the growth medium. For cultures grown in the presence of 3 ~M -~D G pretreatment (a) gave a trebling and (b) an eightfold increase. The results suggest that the treatment of organisms, grown in the presence of 2DG, under conditions which increase fl-glucanase activity brings about an alteration in the P-glucan fraction such that its action as glucose-acceptor is increased to an extent greater than that induced in organisms grown in the absence of the analogue. 
Actiuity of cell-free extracts of Candida albicans on glucose and 2DG
Separation ofproducts by electrophoresis. Cell-free extracts were prepared from 24 h cultures of C. albicans as described in Methods, incubated at 37 "C with labelled glucose in the presence of ATP and UTP, and the products separated by paper electrophoresis at pH 3.5 and 5 kV for 25 min. The papers were dried in air and each electrophoretogram cut into strips 1 cm wide for radioactive assay. Four bands of radioactivity could be separated : band 1 at the origin, band 2 between 13 and 18 cm, band 3 19-22 cm, and band 4 23-3 1 cm from the origin. Picric acid marker was located between bands 2 and 3. Glucose mpnophosphates ran in band 2. Band 3 contained UDP-glucose, eluted material donating up to 86% of its radioactivity as glucose residues to ATP and UTP: separation of products by electrophoresis C. albicans was grown for 24 h at 37 "C, the organisms harvested, washed, broken and extracts prepared as described in Methods. A 30 p1 sample of extract was incubated for 20 min at 37 "C with (a) 20 p1 20 mM-Tris/HCl buffer pH 7-5 containing 10 mM-mercaptoethanol, 5 mM-MgCIZ, 40 mM-KF, 34 mM-ATP and 50 mM-UTP, (b) 10 pl 20 mM-Tris/HCl containing substrate as below and, where indicated.
( c ) 2 pl(2 units) PGM. Products were separated by paper electrophoresis at pH 3.5 and 5 kV for 25 mini the paper was dried in air and each channel cut into strips 1 cm wide for radioactivity assay. Radioactivity was located in 4 bands (see text) corresponding to major components as shown below. Picric acid, used as marker, was located between bands 2 and 3. Results are expressed for each band as percentage of total radioactivity for the channel (10 pCi gave approx. lo7 c.p.m.). (1-+3)-P-glucan in the presence of (1+3)-P-glucan synthase. Band 4 contained a number of metabolic products, including sugar diphosphates, referred to below as 'other products'. When UTP was omitted from the incubation mixture, little radioactivity was found in band 3 and the eluted material did not contribute radioactivity to P-glucan synthesis. Table 1 shows that the amount of radioactivity in band 3, when UTP was present, increased with the time of incubation and was increased by the addition of phosphoglucomutase to the incubation mixture. Table 1 also shows that 2DG was rapidly converted to material running in band 2 with some radioactivity moving into band 3. Band 2 gave a positive organic phosphate reaction, 2DG 6-phosphate ran in band 2 and chromatographic analysis of material eluted from band 2 showed that it consisted of 90-92% 2DG 1-phosphate and less than 10% 2DG 6-phosphate. The time course of transfer of radioactivity to band 3 showed that the extract became inactive after 30-40 min incubation at 37 "C but further transfer took place when fresh extract was added to the incubation mixture. When the 2DG concentration was reduced to 17 PM and the incubation time extended to 2 h, a significant transfer (26%) of the radioactivity into band 3 took place suggesting the slow formation of material with the electrophoretic properties of UDP-2DG. The incorporation of 2DG residues into the P-glucan fraction in cultures grown for 24 h or more lends support to this suggestion. When UTP was omitted from the incubation mixture 2DG was rapidly and quantitatively (95-97:;) converted to monophosphates.
Percentage of total radioactivity
The action of 2DG on glucose metabolism by cell-free extracts. Table 2 (u) shows the effect of 3 ~M -~D G on the distribution of radioactivity between the four electrophoretic fractions obtained after incubation of Candida extract with IT-labelled glucose, ATP and UTP with and without added phosphoglucomutase (PGM). In the presence of 2DG the proportion of radioactivity in band 2 (glucose monophosphates) and band 3 (UDP-glucose) was decreased and that in band 4 increased. These changes were the opposite of those resulting from the addition of PGM while the changes produced by PGM alone were largely annulled by the further addition of 2DG.
2DG is rapidly metabolized to 2DG phosphate by incubation with the extract and ATP (Table 1) . Experiments similar to those in Table 2 have been carried out in which 2DG was added to the incubation mixture either at the same time as, or 30 min before, the addition of labelled glucose. Such preincubation markedly increased the subsequent effect of 2DG on the distribution of radioactivity between the products of glucose metabolism. 2DG phosphate was prepared by incubating Candida extract with 2DG and ATP, separating the products by electro- 225 mCi mmol-I ; 2 pCi, final concentration 0.14 mM. 2DG and 2DG 6-phosphate added, where indicated, to a final concentration of 3 mM. Products were separated by electrophoresis and results expressed as the radioactivity of each band as percentage of total radioactivity for the channel (10 pCi giving approximately lo7 c.p.m.). In experiments (b) and (c), the material in band 2 was eluted and separated chromatographically into G 1 P and G6P fractions as described in Methods. phoresis and eluting material from band 2; the eluted material was more effective than 2DG in altering the distribution of products. The action of 2DG on the metabolism of glucose 1-phosphate (GlP), or glucose in the presence of ATP but not UTP, has also been examined in the presence and absence of added PGM. In each experiment, the material in band 2 was eluted and separated chromatographically into G 1 P and glucose 6-phosphate (G6P) fractions. With glucose and ATP as substrates PGM decreased the proportion of G6P in the phosphate fraction (band 2) and also decreased the yield of other products (band 4); these effects were the opposite of those produced by, and were reversed by, 3 ~M -~D G (Table 26 ). With G I P as substrate, PGM increased the proportion of G6P and the yield of other products; the effects were again the opposite of those produced by, and were reversed by, 3 ~M -~D G .
Substrate mixture (a) Glucose
2DG 6-phosphate produced the same effects as 2DG but was more effective on a molar basis (Table 2c) .
Experiments with Candida extracts are complicated by the metabolism of G6P to further products and do not provide a simple test of PGM activity alone. A direct test has been carried on a commercial preparation of rabbit muscle PGM (Sigma). Conditions were established in which the conversion of G1P to G6P was approximately linear for 15 min at 30 "C and the action of 2DG and its phosphate studied during the first 10 min. 2DG in the range 0-25-25 mM increased the rate of conversion, stimulation being greatest at 0.75-1 -0 mM. The 2DG-phosphate mixture prepared by incubation of 2DG with Candida extract and ATP, was inhibitory. 2DG 6-phosphate was inhibitory over the range 0.25-25 mM with 50% inhibition being produced by approximately 10 mM. Double reciprocal plots of velocity against substrate concentration showed the inhibition to be competitive with K, approximately 4 mM.
2DG in the range 0.3-10 mM was without effect on UDP-glucose pyrophosphorylase, glycogen synthase, (1-+3)-P-glucan synthase or (1+3)-P-glucanase. 2DG 6-phosphate was also without effect on the enzymes other than UDP-glucose pyrophosphorylase which showed a small stimulation at concentrations greater than 1 mM amounting to 20-25% at 10 mM.
DISCUSSION
2DG inhibited the incorporation of glucose into (1-+3)-j?-glucan when added to stationary phase cultures of C. albicans. In cell-free extracts of the organism, 2DG in the presence of ATP was rapidly converted to 2DG phosphate, while the addition of 2DG or 2DG 6-phosphate to extracts metabolizing glucose altered the proportions of the products in a way that indicated inhibition of PGM. The formation of UDP-glucose by Candida extracts was accelerated by the addition of PGM, suggesting that this enzyme is a controlling factor in the overall synthesis of (1+3)-B-glucan and its inhibition would suffice to explain the effect of 2DG on glucan synthesis in cultures. Neither 2DG nor its phosphate had any action on (1--+3)-P-glucan synthase itself.
When cultures in the stationary phase were incubated with 1 ~M -~D G for 24 h and the incorporation of glucose into the (1-+3)$-glucan fraction then determined, the rate of incorporation was significantly greater than that found in control cultures grown in the absence of 2DG (Fig.  1) . Under these conditions 2DG becomes incorporated into the (1+3)-P-glucan fraction . After 24 h incubation at 37 "C in the presence of 0-3 ~M -~D G the amount of analogue incorporated into the fl-glucan fraction was of the order of l residue to lo4 glucose residues in the glucan, although it is improbable that the whole of the fraction is in a condition of metabolic change. In the stationary phase of growth, incorporation of glucose into the P-glucan fraction is believed to rest upon the availability of glucose-acceptors such as growing ends of Q-chains and breaks in such chains produced by glucanase action (Johnson, 1968; Villanueva et al., 1976) . Consequently the amount of 2DG found in the P-glucan fraction at any one time will depend upon the balance between the rate of its addition to, and the rate of its removal from, 8-glucan chains. The proportion of 2DG residues entering into reaction at the end of chains may therefore be much greater than suggested by the ratio of 2DG to the total number of glucose residues in the whole P-glucan fraction and could therefore be expected to play a significant role in the metabolism of that fraction. The addition of a 2DG residue to the growing end of a (1-+3)-P-glucan chain will not necessarily prevent further extension of that chain by glucose residues although it would presumably alter some properties of the chain. The decrease in radioactivity of the P-glucan fraction labelled with [ 14C]2DG obtained after treatment with P-glucanase suggests that 2DG residues incorporated into the P-glucan chain can be removed by glucanase action and this might be the basis for the increased turnover (Fig. 2) and for the increase in glucose-acceptors in Fig. 3 . The increased turnover of glucose residues would also suggest that P-glucan chains containing 2DG are less stable and more susceptible to breakdown by glucanase action than homopolymers.
The synthesis of cell-wall polymers is a complex process of which little is known concerning the reactions and interactions involved in breakdown, repair, elongation, branching and initiation of new chains (see Farkas, 1979) . One consequence of the addition of a residue such as 2DG to the growing point of a chain might be stimulation of branching of that chain or initiation of new growing points; removal of the foreign residue would then lead to an increase in glucoseacceptors as shown in Fig. 3 . So far it has not been possible to examine these suggestions by direct experiments with polymers, with and without analogue residues, in cell-free systems, but the results obtained in this investigation show that there are marked changes in the metabolism of (1+3)-P-glucan when 2DG is present during incubation of cultures in the stationary phase of growth.
This study was undertaken in an attempt to throw light on the action of 2DG in delaying the onset of resistance to amphotericin B methyl ester developed by cultures of C. albicans as they pass into the stationary phase of growth. This phenotypic resistance is associated with the formation of (1-+3)-P-glucan polymers in the cell walls of the organism (Gale e? al., 1980; Notario et al., 1982) . Any change leading to breakdown of (I+)-P-glucan promotes loss of resistance while continued synthesis leads to increased resistance. Ultrastructural studies suggest that, as the stationary phase progresses, the cell walls become more homogeneous and develop a tightly cross-linked network of polymers (Cassone et al., 1978) . The results described above show that 2DG has a direct effect on (1+3)-P-glucan synthesis by inhibiting phosphoglucomutase but that, over and above this, when present in the growth medium for 24 h or more, 2DG becomes incorporated into the P-chains and alters their stability and glucose-acceptor function. It seems probable that these changes would, in turn, affect the properties of the polymer network and so explain the action of the analogue in delaying the onset of resistance.
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